A software for processing sets of full-color images of biological tissue histological sections is developed. We used histological sections obtained by the method of high-precision layer-by-layer grinding of frozen biological tissues. The software allows restoring the image of the tissue for an arbitrary cross-section of the tissue sample. Thus, our method is designed to create a full-color 3D reconstruction of the biological tissue structure. The resolution of 3D reconstruction is determined by the quality of the initial histological sections. The newly developed technology available to us provides a resolution of up to 5 -10 µm in three dimensions.
Introduction
Different approaches and methods of 3D-visualization of biological tissues are discussed depending on the scientific goals and objectives of practical applications [1, 2, 14] . A significant number of software complexes, libraries and specialized systems of scientific and technological visualization for three-dimensional digital biomedicine have been developed [7, 9, 12, 24, 25] . Approaches using medical X-ray tomography are very effective for 3D-reconstruction of tissues/organs [8] . We can also highlight some areas that are associated with the localization of implanted biomaterials [8, 26] , the colonoscopy, the ultrasonic sounding [9] , the stereoscopic fluorescence imaging, the multispectral magnetic resonance image analysis [16] , the single photon emission computed tomography (CT) [11] , the electron tomography [6] , the use of combined methods [9] . The transition begins from micro-CT to nano-CT [8, 20] .
This work is addressed to the anatomical or destructive tomography (biotomy) approach [17, 23] . A newly developed method is based on making of a set of high-quality images of biological tissue histological sections using the high-precision grinding of a pre-frozen biological sample [22] .
The advantages of the proposed approach: 2. A realistic color rendering.
3. Very high accuracy up to several microns. 4 . Absence of "screening interference" in contrast to non-destructive methods [26] .
5. High speed access to information about individual fragments of the tissue.
The main disadvantage of the proposed method is principle impossibility of living tissue usage due to its physical destruction during the process of preparation of a set of images slices. Another disadvantage of the method associates with utilization of digital raster photographs. 3D modeling can improve the efficiency of various solving aims tasks, including endoprosthetics [5, 8, 10, 15, 26, 27] .
Making of an images set of histological sections The process of producing of images set includes the following steps ( Fig. 1): 1. Selection of a biological object in accordance with the objectives of the study.
2. A formation of the original sample by fixing a biological object by a casting material in a threedimensional mold.
3. The original sample of the biological object is rapidly frozen in the form of a rectangular parallelepiped.
The fixation of the biological object is ensured by at cryogenic temperatures (T ≤ −72
• C), after that it is filled by the casting material (at T ≤ −25 • C) [19] .
4. The sample is placed into a special device for layer-by-layer grinding.
5. An optical system adjustment is required due to the sample thickness change as a result of layer-by-layer removing.
6. Visual analysis of the images allows distinguishing photos with a blurred focus, highly modified illumination and other optical artifacts (removing images of poor quality if it is necessary).
As a result, we have an ordered snapshot sequence of biological tissue slices with step ∆z, whose resolution determined by sample size and used object-glass. The ∆x and ∆y resolution of the equipment available at The
Laboratory of Virtual Biology, Ltd is 6-20 µm, while the ∆z resolution is 5 -20 µm.
Creation of Θ-sections and software development
Let us introduce a Θ-rectangle ("theta-rectangle") to denote a rectangle inscribed into the polygon of the sample section. Various ways of Θ-rectangle specification in a triangular section are shown in Fig.2 . Hereafter the RGB color system is applied. Each element of the mapping color table P is considered like a vector in the three-dimensional space. Thereby, within the closure region of the sample space the vector field Ω (x, y, z) = {R, G, B} is a set that converts it into a color space. To construct an image on the sample slice plane, the -rectangle of this section have to be divided into pixels. Each pixel is associated with a color depending on its spatial position in a vector field Ω.
A set of slices images is the initial data
where the k-th image number (k=1,. . . ,M) is determined by the z-coordinate of the histological section.
The sample vertex in the upper left corner of its frontal face relatively to the camera location during the record is taken as origin. Let us Consider a numbered set of raster images (1) of size P x × P y , where P x and P x are the numbers of pixels for the two corresponding sides. Such an initial set of images is also called a digital set of base slices.
To reconstruct an object in the form of a three-dimensional model, a method for color interpolation in the space between each adjoining pair of images in the plains z k and z k+1 should be specified. The entire set of initial images is considered as a three-dimensional matrix P = (i, j, k) , whose elements are individual pixels of images from the set. Their addressing is determined by the number of the k-th layer (a sequence number of a photo), the number of the i-th row and the number of the j-th column in the matrix of pixels of the k-th photo.
We have used discrete functions defined on a three-dimensional grid (x i ,y j ,z k ).
The statement that the vector is orthogonal to the normal vector to the plane described by the equation
Ax + By + Cz + D = 0 is equivalent tantamount to the following expression:
The vector η obeys the conditions of orthogonality to the vector ξ and the normal to the section plane. The latter means that its direction may be computed as the vector product of the vector ξ by the normal vector to the section plane:
where n is the normal vector to the plane of the section, e x , e y , e z are the unit vectors along the positive directions of the x-, y-and z-axes respectively in the reference system associated with the sample.
Finally, taking into account the fact that the vectors ξ and η have a unit length, we obtain two more equations:
From equations (2-5), we can calculate the coordinate values for the vectors ξ and η:
To solve the problem of the long time required a data reading from the hard disk, we choose a special basis on the plane of the section. We denote by p, q the unit vectors along the directions of the abscissa and ordinate axes, respectively, in the reference system associated with the section plane. Thus, the vector p is orthogonal to the unit vector directed along the applicate axis in the reference system associated with the sample:
where p z is the projection of the vector p onto the given axis.
Moreover, it is required adding equations denoting the orthogonality of the vector p to the normal vector to the plane of the section, and the orthogonality of the vector q to both of them, as well as the condition that the length of the vectors p and q is equal to one. Accounting for all the listed above conditions we obtain the following equations:
From the equations (9-13), we can determine the values of the coordinates of the basis vectors in the reference system associated with the sample:
The equations (14) and (15) specify the directions of the basis vectors of such reference system, associated with the cross-section plane, for which the natural order of pixel bypass would guarantee the optimal number of calls to information recorded on the hard disk.
Examples of images reconstruction in arbitrary sections
A human knee-joint (20 × 10 × 10 cm in 20 µm steps) and a rat knee-joints (with a pixel size of 8 × 8 µm and a pitch of 8 µm) are considered as an examples of the section constructions. The samples were obtains in compliance with all legal norms. These sets could be easily identified by color of casting material. Green and red filling correspond to the rat and human knee-joints, respectively.
Images of different shapes of sections are considered below. If the section does not have the shape of a rectangle, then the image is supplemented with a black background (no restriction on the background color) (figures 3, 4, 5 and 6). The programming interface is refined by API WPF. User selects a folder with input data, sets the geometric parameters of the sample (length, width, height and step ∆z as seen from Fig. 7 ) and sections (three points along which the plane will be built). The file names are determined by the section number in the sequence. Beside the one slide calculation, series of slices can be constructed (for example, series of images with a given step in the range 1-6 • ). In the case if images size vary, they should be enlarged to the same size. In order to do this all the resulting slices are analyzed and the image with the largest width is selected. The remaining images are enlarged to chosen size and supplemented with a gray-blue background (Fig. 8 ) . The resulting images are marked with angle values. Using the images movie can be compiled (for example, for XY-and XZsections (along the Z-and Y-axes, respectively)). To test the software complex and demonstrate the results of section construction, we used samples of human and rat knee-joints. The virtual model development of a human knee-joint may have practical application in new technologies of restoration of articular surfaces at joint injuries [17, 18] . In addition, it may be applied for making of virtual simulators based on the principles of augmented reality or for creation of 3D-printer models.
This method can be used for aims of medicine, veterinary medicine, zootechny and related areas where MRI or histological reconstructions do not provide a full-fledged three-dimensional view [3, 4, 10] .
We can use this method to construct vector 3D models of samples that are necessary for theoretical modeling physical processes in highly heterogeneous biological tissues [18, 21] . Such 3D models allow to take into account the fine structure of real tissues and changes in their physical parameters. The joint use of image processing techniques and numerical modeling methods such as computational fluid dynamics or heat transfer is a modern trend in the development of medicine and applied biology [13] .
